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Chile 2009 - 2011
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Map of Northern Chile Interconnected 
System



Chile Reserve in Storage



Hawaii 2009 - 2011



Smoothing in Hawaii



Hawaii Contingency Reserve

• KIUC graph of response

Battery responding to frequency disturbance



Power Pools Manage Variability



ISO-NE & PJM  2008 -2012
FERC Order 755  developed 
in 2010 from demonstrations

including flywheels and batteries. 



PJM Regulation Market
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California 2016



CA Utility-procured & Operating
• AltaGas Pomona Energy       20 MW/80 MWH

• Western Grid Development  5 MW/20 MWH

• AES Escondido                      30 MW/120 MWH

• AES El Cajon                            7.5 MW/ 30 MWH

• Tesla Mira Loma 20 MW/ 80 MWH



2016 CAISO Inverter test at PV plant

• Graphs from report



Replace 50 Year-old Coal

Consider:  Waterfront coal - 689 MW

In-service since 1958 & 1962

Heat rate 10,600 Btu/kWh

Recent capacity factor ~30%



Future is Now

Renewable energy: abundant and cost-competitive

&

Storage: capable of all functions

Kauai solar and storage in 
2011.  
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